icomtic ansiKMTUMS in omwcrting 
rimn oil/ms riRiNR to com. 

REFR!CH>OCIBILffy OF THE ja»m Ct. lUu 

OltXaMAL PAGE ® POOR UUrasyit«. Iwc. 

Irvine. California 


N79-27611 


ABSlRACT 

Cconcviic consideratic»«is involved in fuel con- 
version such as fncMi oil and/or gas firing to coal 
include invesUnent costs for new facilities and 
eguipaent (including air pollution control equip- 
went), operacion and Maintenance costs, and pur- 
chased fuel costs. This paper presents an analyti- 
cal approach to assessing the cost effectiveness of 
fuel conversion in ten"s of the annual net cost of 
conversion^ the equivalent annual nuaber of barrels 
of oil saved« and the internal rate of return of 
the conversion investnent. Illustrative mMerical 
exanples are presented for typical utility boilers 
and Industrial boiler facilities. A further con- 
sideration addressed deals with the inpacts of these 
Costs on the overall financial structure of the fira 
and the ability of the fim to raise the necessary 
invesbnent capital. 

I. OVERVIEU OF COAl CONtfERSION ACTIVITIES 

By coal conversion In this paper we Mean the 
switching from either oil and/or gas as the prinary 
fuel(s) to cojl as the prinary fuel in a conbustor 
(boiler, burner, fum^^ce or kiln). Historically, 
fuel switching has generally tended to be in the 
other dinifion. naw^ly. oil/«|.is c-^versicn. For 
during lh<> late igM)*’- ami early l9/tl*s. 
while coal-fired pouerplants were being converted 
to oil. utilities were also budding new plants to 
burn oil. !ritia11y. utilities converted to oil 
for econonic reasons; nowever, oorc recently, the 
principal reason for converting to of i has been tric 
requirenent to «eet strict sulfur emivcion regula- 
tions which the utilities were unable to do using 
coal. Host of these conversions took place on the 
East Coast at plants with easy access to ocean and 
river barge transport. 

In 19/0 « it is estiwated (Ref. 1) that only 40 
of new boiler orders provided for coal-firing capa- 
bility. In 10/4. bnwrvrr^ in resfonso to the nat- 
ural «|a»w shortages and increased price o* oil. 97 
o‘ new boiler orders p Mvided for coal-firing capa- 
bility. Consef|uently. we see a trend occurring 
bark to coal conversion. It is noteworthy that, 
according to Reference ?• about 80' of the boilers 
which were converted frovi coal to oil can. in tine, 
be re-converted to coal. 

The current impetus for coal conversion is 
caused by the legislative requirements of the Energy 
Supply and Environmental Coordination 4c t (ESECA) 
of 1974 (Public Law 93-319). as amended by the 
Energy Po)i«./ and Conservation Act (EPCA) of 1975 
(Public Law 94-163). It is intended that ESECA. by 
pioviding the Department of Energy (DOE) with the 
authority to reCcuire the use of coal by existing 
and future electric utility pouerplants and other 
major fuel burning *nstal lat ions (ilTBPs). will 
result in a significant decrease in the use of 
petroleun) and natural gas ind an increase in the 
use of our niost abundant dork^stic energy resource. 


ailectively. ESECA and EPCA provide DOE with 
the statutory authority to issue a Prohibition 
Oitler to an existing facility for the purpose of 
prohibiting the further use of oil and/or gas as 
the primary fuel(s). Before such an order can be 
issued. DOE must determine that the pomerplant or 
mt oossessed the necessai^ equipment and capabili- 
ty to bum coal on June 22* 1974* or acquired it 
thereafter. DOE must assess the existence of cer- 
tain necessary coal handling facilities and appur- 
tenaKes such as ade^te facilities for the stor- 
age of coal* and equipment such as a boiler* 
unloaders, conveyors, crushers* pulverizers* scales* 
burners* soot blowers* and spticial coal burning 
InstrumenUtion and controls. In addition* DOE 
must also find that: 

(1) the burning of coal at the fjcility Is 
oracticable and consistent with the pur- 
poses of ESECA; 

(2) coal and coal transportation facilities 
wall be available for the period the order 
is in effect; and 

(3) in the case of a powci^iant* the order 
will not impair the reliability of service 
in the area served by the converting 
pomerplant. 

Prohihitiwn Ordors wore issued In l^'/S affecting 74 
pouerplant units and were Issued in 1977 affectina 
18 powerplant units and 2?1 nFbl combustors. 

DOE is also provided with the statutory author- 
ity to require powerplants or mi's in the early 
planning process to be designed and constructed so 
as to be capable of using coal as the primary en- 
ergy source. This is accomplished through the 
issuance of a Construction Order. No such order 
may be Issued if DOE finds that (a) in the case of 
a p^i^lant. such order is likely to impair the 
reliabHity or adequacy oi service* or (b) an ade- 
quate and reliable supply of coal is not expected 
to be available. Furthermure, in considering tb? 
desirability of issuing such an order. DOE oust 
consider the existence and effects of any cortrac- 
tual coamiitment for the construction of such facil- 
ity, and the ability of the owner to recover any 
capital investment made as the result of a Construc- 
tion Order. Orders of this were issued in 1975 
affecting 74 new powerplants and were issued in 1977 
affecting 18 new powerplants and 27 new ?1FBI com- 
bustors. 

II. cons:g::jitions and factors in coal 

CONVERSION INVECTHENT 

flajor considerations of significance in assess- 
ing the willingness and/or overall acceptance of 
coal conversion include the following: 

(1) the difficulties industry will experience 
with environmental and facility siting 
regulatory j'roblems 

(2) ine aversion industry nas to using coal 
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due to tlie difficoltfes of liaMliiig coal 
at tile plant, tbe extra personnel required, 
etc* 

(3) the higher rate of return sone fims re- 
quire on a discretionary Inuestnent 
(asstfilng no OOC order Is Issued) - es- 
pecially one uhlch nay neither enhance 
output nor protect production. 

(4) the added risks associated with reUabll- 
ity of coal supply to the plant. 

Of particular importance are those factors 
uhlch have a direct effect on costs such as: 



(3) annual operation^ and Maintenance cost 
differential, uhich Is defined to be 



(^) cqnbustor sixe affects rests since costs 
of coa\ equipiient as uell as pollution 
control equlpuent am characterized hy 
econonles of scale 

12) capacity utilization deterailnes hou quick- 
ly c^taV costs are recovered as the re- 
sult of fuel price savings 

(3) coal cyahllity is a factor because. If 
the unit uas &slgned originally to fire 
coal, the capital costs of conversion 
ulll, aost likely, be less than the cost 
differential hetuccn a new gas/oil -firing 
and a neu coal-firing :«ilt 

(4) r ewalnlng useful llft> of ' r.llity deter- 

«iilneS' the period of Tine uhich the 

conversion investnent can be anortized 
and thus affects the rate of return on 
the investnent 

(5) regional location affects costs prmrily 
through delivered fuel prices 

(6) cnvi r o n n cn tal controls iiqiosei! through 
stat«* regulations and Federal Neu Source 
fert. nance Standards affect the costs of 
the pollution control equlpuent necessary, 
uhich in nany cases is the nost significant 
capital cost 

(7) neu versus existing units for conversion 
involves the tradeoff hetueen neu capital 
equipnent and thus longer anortizaticn 
period versus nodi ficat Ion of used and 
existing units uith perhapt a shorter 
anortization period 

fuel tjpft os detemined by sulfur content 
required, percent af*> required, etc. and 
the ueans transportation affects the 
corresponding fiiel price differential. 

III. 6REAKEVDI FOmiLATlONS FOR COAL 
CONVERSION INVESHm 


In terns of analyzing on an annual basis the 
investnent by a conpany in coal conversiot; there 
are three basic quantities to be considered, nane- 
ly: 

(1) annualized investnent cost, uhich is de- 
• tiieo to be 


Arotal 

Vcost 


investnentj 


( Capital recovery\ 
factor or fixed I 
charge rale / 


(7) annual fuel cost differential, uhich is 
defined to be 


fFuel cost 
differential 
[in $/106 BTU's 



In the fomulation of tne annualized investnent 
cost, uultiplying the total investnent cost by 
either the capital recovery factor, defined to be 

(iVir-i 

uheie i is the annual discmait rate idiich reflects 
the uorth of capital and N is the mnter of years 
over uhich the investnent is anortized. or by the 
annual fixed (or levellzed charge) «^ate has the 
effect of anortizing the investxncT over a speci- 
fied period of tian (generally the renafning useful 
life of the facility). Typically, the choice of 
the discount rate is based on the ueighted cost of 
capital as detemined according to the sources of 


capital. For exaigile. consider the tollouinq 

putatton; 

Percent of 
Total 

Capital 

Heiqhted 

Capital Source 

Capitalization 

Cost (') 

Costlli 

Itortgage Bonds 

50 

8.1 

4.05 

Preferred Stock 

15 

8.3 

1.25 

Comoo Equity 

35 

15 

5.25 

10.55 


Therefore, the discount rate used uould be 10.55" 
based on a ueighted average cost of neu capital. 

Another approach uould be to use a fixed (or 
levellzed) charge rate as is done by utility con- 
panies co coupute the ennualized investnent cost. 
This rate is chosen as a masure to describe the 
revenue uhich nusl be raised annually to earn a 
reasonable return on the capital used to purchase 
equipnent. to amortize the equipnent over its pro- 
<kictive «ife and to pay requisite incone taxes, 
property ta :es and insurance. This rats deoends 
upon the cunsi'^eration of nany factors including 
the rollouing; the capital structure cf the coiq>any; 
the required return on debt, conaon and preferred 
stock; the useful life of the equipneat and its 
scrap age value, if any; the fomclas used in con- 
P'lting actual and tax depr'^ciatioi; uhether tax 
>avings frtm deprKiatior and the investnent tax 
credit are nomaiized or floued throuoh; Uie effec- 
tive tax r^te (conbtned feder. ' ar.d state); the 
property laxc'S. Typically, fixed charge rates 
range fron ?0-40 * depending upon the relative im- 
portance of ti'e al^*e factors. 

In order for ine investnent in coal coni ers ion 
to breakeven the following must be true: 

/Annual ized\ /Annual \ /Annual \ 

linvestinentl = I fuel cost j - (OWt cost 1 . 

Vcost / \differeiitia1; \differential/ 
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Jhm righUiand side of this equation re^rpsents the 
net gain due to fuel price savings. 


As an itftUStration« consider the conversion of 
Z 800 ■eg aw a tt boilers requiring flue gas desulfur- 
ization (FGO). This conversion is estiauted to take 
place in 1080 at a cost of $804 /Im. Thes* boilers 
are avaiml to be operated at /O^' rafiacity over 
their re>&:ining 20 year% of useful life* and have 
a de\i*jn heat rate uhen coal-fired of 9«700 0TU*s/ 
khhr. AssuMtng a 11:: discount rate* this implies a 
capital recovery factor equal to 


(.111 (1.11)” 
(i.iili^- 1 


* -1255/ , 


or* equivalently* a fixed charge rate of approxi- 
uately 12.6*, Therefore* 


istration) utilizes a aethodolony (see Refs. 768) 
uhich considers such factors as: boiler size* re- 
ineinlng useful life ai't^r conversion* operating 
capacity both before and ^*fter conversion* and de- 
rating (i.e.« loss of poue'^ because of pollution 
control equipnent)* if any. estisated fuel prices 
both before and after conversion; investee t costs 
for both air pollution control rquipnent a»id non- 
air pollution control equipnent; Wt cost %.«fferen- 
tial for both air pollution control equipnent and 
non-air pollution control e^ifuimt; ann*:al fixed 
charge rate* or cost of capital if the capital re- 
covery factor is used to obtain the amortized in- 
vestnent cost; annual fuel cost differential ; 
anihidl fuel consinption by tyoe of fuel both before 
and a^tMT rAKuersion; heat content in Bill's for 
each type of fuel consiMd. These factors are used 
to coimite overall evaluation neosures such as: 


j = Cl .109.000 hi) 

« (.12557) ^ $12,557,564 


\ /Fuel cost 
I - I differential 


\/9*;oo \ 

.JlBTO's/lwhr/ 


( hnnua* 
fue* CO 

\diffo.*ei* .'1/ \in S/IO® BTtI 

' W- /\|n?r yr / ' 

( Fuel cost 
differential 
in S/loB BTU* 

( Annual \ /Ofifi cos^ 

Oin cost } - I differential 

differential/ \in S/kuhr 


iai \ 
BTU's/ 

(j;'“/'^)(.7) = (9.811.200) 


(1) equivalent annual barrels of uil saved as 
a result of conversion 

(2) annual cost per equivalent barrel of oil 
saved 

(3) change (annual cost differential ) in cost 
per kilowatt-hour of electricity generated 

(4) rate of return both before and after taxes 
frcB the coal conversion investxient. 

Tables 1-3 provide an illustration of this 
uethodoloqy applied to the case of converting two 
boilers with a lota! ISH TW capacity currently 
using both natural gas and oil. Table 3 shows that 
for this example conversion will save approxinately 
I.3S5 nillion barrets of oil per year at a cost to 
the cowpany of S1.9S per barrel saved (considerably 
less than the price of a barrel of oil) and st an 
increase of 3.472 wills per kilowatt-hour genera- 
ted; however* the rate of return fron th's particu- 
lar investxv.nt is far fron attractive by today's 
standards as is seen by the 6" before taxes and 
3.2* afterwards (using straight line depreciation). 

V. FINANCING CONSIDERATIONS 


i J l\ R^i^^XODUClBlLlTy OP TMlj issessiiyi the overall financial impact of 

U s/h-.. /<^iNAL PAGE IS 


for breakeven ne mst then have 

( Fuel cost 
differential 
in S/106 BTU 

ur' 

\in S/kwhr 


J 


/osn cost 

(9.3II.200) I differential! 


lurl .ost differential 
lasing this linear re- 


I i(|iin» I tinividi^s a pint of 
V4*r .us • o-.f di f ferenf i.i I 
lationsliip lur h'^eakeven. Assunim; a 1.4 pitll/kwhr 
U&T! ^ost differential, this implies a fuel cost 
differential of approximately $1.34 per 10^ BTU's, 
An esti*nated 1930 coal price pource: Pacific Gas 6 
Electric Co.) is $1.49 per 10® BTU's. This implies 
that in 1930 for breakeven the price of oil must be 
at least $3.33 per lOB BTU's or, approximately 
$20.31 per barrel, which is comparable to DOE esti- 
mates of the 1980 range of oil prices. 

IV. 0VER.UL ItTHOOOtOGY FOR EVALUATION OF 
COAL CONVERSION ECONOMICS 

In the evaluation of the overall reasonableness 
of coal conversion by utility companies, the Depart- 
ment of Energy (formerly the Federal Energy Admin- 


curred as the result of establishing a coal -burning 
capability. The basic investment costs will con- 
sist of those associated with the retrofit of 
existing and/or acquisition of new air pollution 
control equipment, and those associated with the 
acQuisition of coal handling equipmert and facili- 
ties. The basic annual costs will consist of fuel 
cosis, fixed charges for such items as interest, 
taxes, depreciation, etc., operation and maintenance 
costs associated with non-air pollution control 
equipment. Other factors of importance would in- 
clude the time re^iuired to complete convt sion, the 
remaining useful life of the boilers which are con- 
verted, and the cost of borrowed capital. 

These investment and annual cost ^actors affect 
the overall financial stru(.ture of a firm in a num- 
ber of ways. This is best illustrated by .examining 
the potential impacts on the standard financial 
statements of a fim given by the Balance Sheet and 
Income Statement. For example, the tasic investment 
costs would affect the investments, property, plant 
and equipment, and long-term debt (and maybe even 
the preferred stock and conwon stock) categories. 

The operation and maintenance cost items could po- 
tentially affect subsequent retained earnings. Fuel 
costs enable the acquisition of a coal <;upplv and 
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thu^ potentially vill lapact the current assets, 
current liabilities, and retained earnings cate- 
gories. Fixed charges would potentially affect 
both curtent liabilities and retained earnings. 

With regard to the Incone Statenent, investnent 
costs would iwpact the incone taxes paid based on 
the awount of investnent tax credit clained and, as 
a result, would affect the firw*s net profit after 
taxes, ^th the operation and Maintenance costs 
and the fuel costs would inpact the cost of goods 
sold category and, as a result, the fim's gross 
profit. Fixed charges would affect the operating 
expenses, other expenses and incone taxes categories 
and, as a re\ult, would also have a direct effect on 
the fim*s net profit after taxes. 

Other considerations which afflict the capital 
aspect of a fim*s financial s*r»jcture are as 
follows: 

H) growth rate of futur e sales 

The futun* grcvth rate of sales is a Measure of 
the extent -a «ni<.h tlie earnings per share of a 
fim are l.keTy to be Magnified by leverage. In 
sone cases, financing by debt with United fixed 
charges should xwgnify the retu.^ns to owners of the 
stock. On tive other hand, the stock of a 

fim whose sales and earnings are ^'^.aing a fav- 
orable rate conninds a high price in which case 
equity financing is desirable. A firo Must weigh 
the benefits of using leverage against the oppor- 
tunity of broadening its equity base when it choos«»s 
between future financing alternatives. 

(2 ) s tabi I i ty^ of futur e sales 

Sales stability and debt ratios are directly 
related. Uith greater stability in sales and earn- 
ings, a fine can incur the fixed charges of debt 
with less risk than it can when its sales and earn- 
ings are subject to periodic declines; in the latter 
instance it will have difficulty in meeting its Jb- 
ligations. 

(3) competitive structure of the .Industry 

Oebt-servic ing ability is dependent upon the 
proritabi lity as well as the vo1;mie of sales; hence, 
the stability of profit margins is as important as 
the stability of sales. The ease with which new 
finxs may enter the industry and the ability of 
competing firms to expand capacity will influence 
profit margins. A growth industry promises higher 
profit margins, but such margins are likely to nar- 
row if the industry is one in which the number of 
firms can be easily increased through additional 
entry. 

( 4 ) asse t s t rue t ore of the i ndus t ry 

Asset structures influence the sources of finan- 
cing in several ways. Firms with long-lived fixed 
assels u*^e long-term nortgage debt extensively. 

Firms whose e .sets are mostly receivables and inve»i- 
tory whose value is dependent on the continued pro- 
fitability jf the individual firm (for example, 
those in wholesale and retail trade) rely less on 
long-term debt financing and more on short-term. 

( 5 ) con trol position and attitudes toward risk 

of owers and]rr«nage^ 


Thf management attitudes that nost directiv 
influence the choice of financing are those con* 
ceminq il) control of the enterprise and (?) risk, 
large corporations whose stock is widely own^ may 
choose additional sales of cohmwi stock because 
they will have little influence on the control of 
the company. In contrast, the owners of small 
firms may prefer to avoid issuing coMon stock in 
order to be assured of continued control. Because 
they generally have confidence in the prospects of 
their conpanies, and because they can see the 
large potential gains to themselves resulting from 
levera<ie, managers of such fi»*rr» are often wilting 
to incut high debt rat ion. 

(6) lende** attitudeN toward fii'm and industry 

kegardless ot ...in<inemeRt*s analysis of the pro- 
per l«^verage factor fci their firms, lenders* at- 
titudwi are fr^uently th<» nost important detinNii* 
nant of financial structure. When mana gemen t *** 
to use leverage beyond norms tor the industry, 
lenders may be unwtllinq tn ^uch debt in- 

creases. They will ewphasize that excessive debt 
reduces the credit statiding of the bo rrowe r and 
the credit rating of the securities previously 
issued. 

Traditionally, corporations have had three 
sources of capital for investment in property, plant 
and equipment: 

(1) Reserves for depreciation, depletion and 
amortization are essentially deductions 
from operating income which can be used 
for new investnent. 

(2) Lung- term and short -term debt may be in- 
creased through the sale of debentir *es and 
other debt instruments. 

(3) Equity capital may be raised through the 
'ssuance of preferred or coonon stock. 

With regard to reserves, they are generally short- 
term and, in many cases, not sufficient in amount. 
Both long- and short-term debt are constrained by 
the lending institutions' desired capitalization 
proffle for a firm. For exam|i)e, long-t.enii debt 
for utility <.om|i«inies is tvphallv on the order of 
45- SS and debt greater than bS could lead to a 
lowering of bond ratings. In many cases there are 
mortgage indenture coverage requirements in times- 
i n teres t-eamed befo**' new debentures can be issued. 
For equity capital, preferred stock typically rep- 
resents 10-15 of total capftal ization and comnon 
stock 30-40 for utility companies. There are in 
many cases coverage requirements on both interest 
and dividends before new equity capital can be 
raised. 

This discussion points out that, even though it 
may be technically feastbl<^ for a company to con- 
vert from usin«i oil and/or g.is to the use of coal 
as its primary fuel, the financial ini|)dc.f off the 
firm must be considered as wf'll as the sources of 
the needed capital. The ability to attrai t capital 
is promoted by a demonstrated ability to provide in- 
vestors with a fair and reasonable return on their 
investment, to maintain a balanced capi ra 1 ization 
structure, and to generate a reasonable amount of 
capital requirements internally. 
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Fig. Fuel Cost Differential Versus O&H Cost Differential for Breakeven 


Table 1. Illustrative Site Characteristics and Fuel Prices 


SITE CHARACTERISTICS 
Uoi Irr Unit 

Niiiiiht'r 1 
Numbrr 7 


Megawatt Capacity 
si.n 
107.0 


Remaining Life 
?0 
20 


FUEL PRICES (IN DOLLARS PER rilLLlOM BTU*S) 

Before After 

Con vers ion Conversion 

Coal O.OOOO T.60W 

Oil 1.9130 

Natural Gas 1.5500 


After 


Befor^ 

.550 

.550 


.550 

.550 


Derating Percent 

n.onn 

0.000 
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Table 2. Illustrative Cost Data 


IKiVfcSIHtM cnst oata 


Nnii atM •'ixcuTlim ciH«ri(iiL Cwuli*Htiii |ii«t&lHEi«T cusi 
all* I'liLLUlli.SK CiimTnCIL tWUIPnehl INVtSlHeNI cost 
If'iai tusi 

itiiat CMSI etH KiLUMafi 


*068000 • 
0062000. 
tSS20000. 
00.2S 


aH|iHii2ailu<» PfitiKO iiaia 

lint In CL>nPLllt CiiNvlHSlOn I* Vfcans S 

avtoabt Hfi«aik|«H> uStFUL LUfc I* vtawS 20 
iKvCblntnl aNiiRT|2allU6 PEHHio In vtaRS 16 


aanuaL ttsi uaia 


Ml* ai« ptHLium.16 luMiiUL tauiPHtoi awhuaL 

oPtnai|i;M anil naiNItnaMCt COST OlttEnEMiaL 2i6000. 

afM M-LLulli'N LfiNiniiL fcUulPHtNT aONuaL 

iiPtiraiii.N a*.* naiMtnanCt CUSI olFttKtnliaL 676000. 

aM.l*ll2tl» tPi>‘ i-4VE.»lnttl COST 0. 

annuaL Fl«t» cna>k.> cost a2o7i7o. 

aoMiai FutL LuSi iilFttwtsiiai. *2016207. 

litlai annuat C»SI ulrFEHtNltaL 2603077. 

ic-iat »PtHai|i>6 anu MaimtuaNCfc 

Ci-SI lilFttniitllaL PtH huhh .0011 


Table 3. Illustrative Fuel Consuoption Data and Values of Coal Conversion rieasures 


tbtl (.U'«6unpi in* raia 


avinant aKNoai ntt Ci'OSuhpIIun In HaHWtLS otFUHt CUNvtHsiiiN 126o0o6. 
aviHa.t aNM>at naiuxai. bas cunSunptiun In ncf BtFUNt cunvehsiun 629067. 
avkPAbt abNuac coat IunSunpiiun in IunS BttUNt cunvEHSIUn 0. 
avteabt anniiaL BluS HEFiWt cunvEHSIUn tlN HlLL.inN*nlLLlUNSJ O.oooa 
AvtNACL aNNUai Nius aFIlN cnNVtosiUN tie mil«.I0N*mill 1UNS) O.oaOB 
AvtPAbE aoNuai c»aL LunSuhPIIun In IunS aM£N CUNVfcp&lUN 362076. 
lOUlvaLkNl ANNuaL baPMELS UF OIL SaVcU as a RESULT Uf LiiNvtPSION 1356006. 


Cuai LDNvkMSiriN ntasuPEb 


AbNuai cost PEN luuIvalEnt barrel uf lllL SAVED 1.96 
CNANbE IN LOST PEN nlLU«All*Hl)uR UE ELECIMICITi bENENAlEU .003072 
iNltKNAL Halt UF KEIuhn UN CUAL LUNVERSIun INVESlNENKPENCENl) 6.U6I 
AFIFN Taxes naif of neiUMN On lOaL CUNVENSIUn iNVlSTMfNT(PERCENT) 3.209 
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